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Occlusal and functional conditions after 
surgical correction of anterior open bite 
deformities
The dental occlusion and alterations in orofacial muscles were 
studied in 2 6 7  patients whose severe anterior open bite had  
been treated with a Le Fort I intrusion osteotomy with or without 
an advancement sagittal split osteotomy about 6 years ago . 
Only 17% of those patients showed anterior contact, and 20%  
had no vertical overlap of mandibular and maxillary central 
incisors at all. Tongue position/ activity of masticatory muscles, 
lip competence, lip-incisor relationship, and breathing mode 
were assessed. Statistically significant correlations were found 
between tongue positions and occlusion in both the anterior 
and the posterior regions. In addition, the activity of the masti­
catory muscles, habitual mouth posture/ and interlabial distance 
were each significantly correlated to overbite, open bitef and  
overjet. The interlabial distance was also significantly correlated 
with both breathing mode and mentalis muscle activity, The 
activity of the masticatory muscles was negatively correlated 
with tongue position. (Inf J Adult Orthod Orthognath Surg
1996; 1 1:29-39)
Typical features in individuals with 
anterior skeletal open bite deformity are 
negative overbite, mouth breathing, sig­
nificant nasal airway resistance, a long, 
narrow face with reduced nasal width in 
the alar region, lip incompetence with 
s tra in in g  o f the mentalis muscle to 
achieve lip closure, excessive exposure 
of the maxillary incisors, excessive show 
of the gingiva during smiling, and con­
vexity of the profile.1,2
Anterior open bite deformities present 
the orthodontist and the maxillofacial 
surgeon with specific d iagnostic and 
treatment problems.3/1 The etiology, diag­
nosis, treatment planning, and long-term 
prognosis of anterior open bite anom­
alies have tra d it io n a l ly  been based 
mainly on the easily assessable skeletal 
and dental characteristics.
Because it is recognized that abnor­
mal swallowing may contribute to mal­
occlusion, more attention has been paid 
to activity and forces exerted by the 
tongue, lips, and cheeks.5"8 The equilibri­
um theory, introduced by Weinstein et 
a l9 and la te r rev is ited  by P ro f f i t ,10 
improved the understanding of relations 
between tongue and lip pressure and 
the position of the anterior teeth. The 
relationship between patterns of orofa­
cial muscle activity and malocclusion, 
however, is still not clearly understood.
A Le Fort i intrusion osteotomy has 
proven to be an effective procedure to 
reduce the vertical height of the face. 
The associated alterations in soft tissues 
induce a chain of adaptive changes in 
the muscles and their functional behav­
ior in the orofacial region, Aberrant soft
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tissue functions are expected to adapt to 
the new dental arch form and occlusion. 
The range of adaptibility of functional 
aspects, however, is considered to be 
limited in growing individuals.11 Little 
attention has been paid so far to adap­
tive capacities of the orofacial complex 
in adults, particularly after surgical cor­
rection of severe open bites.
The aim of this study was to gain 
more insight into the role of soft tissues 
and functional aspects, their adaptation 
after surgical correction of open bite 
deformity, and their influence on occlu­
sion.
Method and materials
Patients
The study was based on 267 adults 
(210 women and 57 men), with a mean
age before treatment of 23*6 years
(range of 14.3 to 4 5 .5  years). A ll
patients originally had a Class I or Class 
II, division I, occlusion combined with 
an anterior open bite without vertical 
overlap of the central incisors. They had 
undergone surgical correction either in 
the department of O ra l and 
Maxillofacial Surgery of the University
H o sp ita l,  N ijm e g e n  (n -  72), the 
Rijnstate Hospital, Arnhem (n = 72), or 
the Free University Hospital, Amsterdam
(n = 123).
A Le Fort I intrusion osteotomy was 
performed in 144 patients. A  combina­
tion of a Le Fort I osteotomy with a bilat­
eral mandibular sagittal split osteotomy 
(BSSO) was carried out in 123 patients. 
Internal rigid fixation with plates and 
screws was used in 1 14 patients and 
internal wire fixation with intermaxillary 
fixation was applied in 153 patients. 
S ta n d a rd ize d  ce p h a lo m e tr ic  ra d i­
ographs were available preoperatively, 
immediately postoperatively, and at the 
latest follow-up. In addition, all patients 
were clinically assessed at the follow-up 
examination. The mean follow-up was
6.0 years (range of 1*0 to 17.8 years). 
Surgery was followed by orthodontic 
treatment in 203 patients; however, in 
all patients, the orthodontic treatment 
was com pleted at the least 1 year 
before the latest follow-up,
Methods
In this study, an open bite was 
defined as the absence of occlusal con­
tacts between opposing mandibular and
Fig 1 Measurement of overbite 
(1), open bite (2), and overjet (3). 
The overbite is recorded as neg­
ative or positive.
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Fig 2a Tongue position is recorded with reference to mandibular 
incisors. The tongue tip is located llngually (0), on top of (1), or 
beyond the incisal edges of the mandibular incisors (2).
Fig 2b The lateral borders of the tongue are located linguaily (0), 
on top of (1), or beyond the buccal cusps of the mandibular molar 
(2).
maxillary teeth or palatal gingiva. Only floss was used to detect the points where
patients who had severe anterior open occlusal contact was made. For that pur-
bite without vertical overlap between pose, a three-point scale was used: no
opposing incisors before treatment were (0), one (1), o r more than one (2)
included in this study. A clinical assess­
ment o f the dentition and functiona 
aspects was pe rfo rm ed  w h ile  the 
patients were seated with their head in 
a natural upright position.
D e n t i t i o n .  The occ lus ion  was 
assessed in the anterior region by mea­
suring the overbite, overjet, and open 
bite and in the posterior regions by 
q u a n t ify in g  the in te rd ig ita t io n . The 
recorded overbite was the vertical over- 
ap between the incisal edges of oppos­
ing central incisors measured perpendic­
ular to the Frankfort horizontal plane. 
The overjet was considered the sagittal 
distance between the labial surfaces of 
the cen tra l inc isors p a ra l le l  to the 
Frankfort horizontal plane. The open 
bite was measured as the distance from 
the incisal edge of the mandibular cen­
tral incisors, in the direction of its long 
axis, to the maxillary central incisors or 
the palate (Fig 1 ).
The interdig itation in the posterior 
segments was estimated by the number 
of occlusal contacts for each mandibular 
premolar and molar separately. Dental
occlusal contacts. The overall interdigita­
tion was quantified by dividing the total 
recorded score by the pairs of opposing 
teeth involved.
Tongue. The corner of the mouth was 
gently opened with two pe riodon ta l 
probes; subsequently, the tongue posi­
tion was recorded while the mandible 
was in a resting position, when it was 
brought into maximal intercuspation, 
during speech (counting from 60 to 70), 
and during swallowing of saliva. The 
position of the tip and the lateral bor­
ders of the tongue were evaluated with 
reference to the adjacent teeth. The most 
protrusive position during swallow ing 
was reco rded . The p o s it io n  o f the 
tongue tip was assessed, with a three- 
point scale, as being located linguaily 
(0), lying on top of (1 ) or beyond (2) the 
incisal edges of the mandibular incisors. 
The position of the lateral borders of the 
tongue were d iffe rentia ted as be ing 
located linguaily (0), on fop of (1) or 
beyond (2) the bucca l cusps of 
mandibular premolars or molars (Figs 
2a and 2b).
Masticatory muscles. The activity of 
the masseter and the temporalis muscles 
was evaluated by palpation while the 
patient clenched in maximal intercuspa- 
tion and swallowed on command. To 
that end, the palms of the clin ic ian's 
hands were placed over the anterior 
margins of the masseter and the tempo­
ralis muscles. The activity of each muscle 
during sw a llow ing  was related to its 
activity during clenching and was differ­
entiated as negligible (0), moderate (1), 
or high (2) activity. Activity was consid­
ered neg lig ib le  if no or little muscle 
activity was felt and high when the activ­
ity was co m p a ra b le  to those during 
clenching, M odera te  was everyth ing 
between. F inal judgments were based 
on three observations. Because corre­
sponding muscles on both sides act simi­
larly, the right and left side data were 
pooled together. A similar three-point 
scale was used to assess activity of the 
mentalis muscle.
Lips. The habitual mouth posture was 
observed and qualified as open, vari­
able, or closed mouth. The interlabia! 
distance, or lip incompetence, was mea­
sured in millimeters while the mouth was 
at rest. The upper lip-maxillary incisor 
relation was measured in millimeters 
w h i le  the p a t ie n t  w a s  e x h ib i t in g  
unforced closed lips, was at rest, and 
was smiling.
Breathing mode. The breathing mode 
was categorized as predominantly nose 
breathing, no preference, or predomi­
nantly mouth breathing. A  sensation of a 
dry mouth after awakening in the morn­
ing was considered a sign of habitual 
mouth breathing during the night.
Statistical Analysis
The r e l ia b i l i t y  o f  assessm ent o f 
tongue position and interdigitation score 
was expressed by Cronbach's a, A  sec­
ond assessment of tongue position at 
rest, in maximal intercuspation, during 
speech, and during swallowing was car­
r ied  out by ano the r o b se rve r in 19 
patients to check the reproduc ib il ity . 
In te robserve r ag reem en t w as de te r­
mined by means of Cohen's kappa. A  t
test for independent samples and an 
analysis of variance (ANOVA) were 
done to detect the influence of the mode 
of treatment and the type of internal fix­
ation on the overbite. A  multiple regres­
sion analysis was used to determine cor­
relations between several internal and 
external factors of orofacial function. 
Pearson's coeffic ients of correlation 
were calculated to determine the exis­
tence and the strength of any associa­
tion between occlusal and functional 
conditions.
Results
The assessment of the tongue position 
revealed a re liab ility  coefficient a  = 
0 .79  in the anterior region and a  = 
0.81 in the posterior region. The inter- 
observer re liab ility  showed a kappa
score varying between 0.70 and 1.00, 
with a median of 0.88. For the assess­
ment of the interdigitation, the reliability 
coefficient was 0.82.
The recorded activity of masseter and 
temporalis muscles correlated well (r = 
.98), so the findings were combined into 
a mean score for the activity of mastica­
tory muscles.
Occlusal conditions
Long-term postoperatively, the mean 
overbite was 0.8 mm, and the median 
overbite was 1,0 mm (Table 1). No sig­
nificant difference in this variable was 
found between the patients with only a 
Le Fort I intrusion osteotomy and those 
who had an additional BSSO, Neither 
was any significant difference found 
between the groups with either internal 
r ig id  f ixa t ion  or w ire  fixation. The 
mean open bite and overjet were 2.3 
and 3,4  mm, respectively. The mean 
in te rd ig ita t io n  score was 1.5. The 
opposing central incisors made contact 
in 17% of the patients, and a solid 
interdigitation with a score of 2.0 was 
present in 36% of the patients. A posi­
tive overbite immediately postoperative­
ly relapsed to an anterior open bite 
with a negative overlap in 20% of the 
patients.
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Table 1 Dental conditions in anterior and posterior 
regions
Measurement Mean SD Median Range
Overbite (mm) 0.8 1.4 1.0 -4 .5 -4 .0
Open bite (mm) 2.3 1.8 2.0 0.0-9.0
Overjet (mm) 3.4 1.7 3.0 0.0-9.0
Interdigitation R 1.5 0.5 1.5 0.0-2.0
Interdigitation L 1.5 0.5 1.5 0.3-2.0
Table 2 Anterior tongue position during different 
functional modalities
Function 0 1 2
Rest 53% 33% 14%
Occlusion 69% 25% 6%
Speech 72% 20% 8%
Swallowing 15% 33% 52%
Tip of the tongue located ]ingually (0), on top of (1), or beyond (2) the 
mandibular incisors.
Table 3 Posterior tongue position in different Functional 
modalities
Function 0 1 2
Rest 56% 39% 5%
Occlusion 82% 17% 1%
Speech 40% 47% 13%
Swallowing 46% 30% 18%
Lateral part of the tongue located lingually (0), on top of (1), or 
beyond (2) the buccal cusps.
Table 4 Muscle activity of the masticatory and 
mentalis muscles during swallowing
0 1 2
Masticatory muscles 36% 38% 26%
Mentalis muscles 1% 80% 19%
Muscle activity negligible (0), moderate (1), or high (2).
Table 5 Mode of breathing
Preoperative Postopoperative
Nose 22% 42%
No preference 20% 31%
Mouth 58% 27%
Functional conditions
Tabl es 2 and 3 list the percentages of 
patients exhibiting different anterior and 
posterior tongue positions in different 
functional modalities. Severe tongue 
interpositioning (2) was most often seen 
in the anterior region during swallowing.
The activity of the masticatory mus­
cles during swallowing was negligible in 
36% of the patients. High activity by the 
mentalis muscle was required to achieve 
a circumoral seal (by raising the lower 
lip) in 1 9% of those examined (Table 4).
The mean interlabia l distance was 
3.0 mm (range of 0,0 to 12.0 mm). A
habitual open mouth posture was pre­
sent in 35% of the subjects; however, lip 
competence was reached by 41%. The 
posture of the mouth varied in 24% of 
the patients. The mean distance from the 
incisal edge of the maxillary incisor fo 
the upper lip was 1.0 mm with closed 
lips (range of -2.0 to 6.0 mm), 3.0 mm 
with lips at rest (range of -1.0 to 8.0 
mm), and 10.0 mm while smiling (range
of 4.0 to 15.0 mm).
Table 5 lists the preoperative and 
long-term p o s to p e ra t iv e  modes o f 
breathing. The percentage of patients 
exhibiting predominantly mouth breath­
ing decreased from 58% to 27%,
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Table 6 Correlation coefficients between tongue 
position during different functional modalities and
interincisal relationship
Tongue 
position
Rest
Occlusion
Speech
Swallowing
Interincisal relationship Interdigitation
Overbite Open bite Overjet Right Left
-.38* .47* .35* - .3 7 * - .3 6 *
-.39* .54* .43* - .4 3 * - .3 9 *
-.42* .41* .24* - .3 9 * - .2 6 *
-.47* .64* .43* -.5 9 * - .4 8 *
Table 7 Correlation coefficients between external 
aspects of orofacial functions and interincisal 
relationship
External factors Overbite Open bite Overjet
Muscle activity
Masseter/temporalis .45** - .4 1 * * _ 22**
Mentalis - .0 9  NS 19** .IONS
Open mouth posture - .1 7 * * .24** .24**
Interlabial distance _  20** .30** .29**
Incisor-lip relation
Closed .13* -.01 NS -.0 3  NS
Rest .07 NS .14* .18**
Smiling .02 NS .15* .13*
Mouth breathing -.03  NS -.03  NS -.01 NS
*P < .05.
* * P <  .01.
NS = not significant.
Correlations
Overbite, open bite, and overjet each 
correlated significantly (P <. 01) to ante­
rior tongue position at rest, in occlusion, 
during speaking, and during swallowing 
(Table 6). Significant correlations were 
also found between interdigitation and 
the lateral tongue position.
The activity of the masticatory mus­
cles, habitual mouth posture, and inter- 
labial distance were each significantly 
correlated (P < .01) with overbite, open 
bite, and overjet (Table 7). The interlabi­
al distance was positively correlated 
with mouth breathing and the activity of 
the mentalis muscle (P < .01), Negative 
correlations were found between anteri­
or and posterior tongue interpositioning 
and the activity of the masticatory mus­
cles (P < .01) (Table 8).
Discussion
Vertical skeletal disproportions, pos­
tural positions of the upper lip in relation 
to maxillary incisors, and interlabial dis­
tances can be corrected permanently by 
repositioning of the maxilla with a Le 
Fort I osteotomy. That also applies to a 
lesser extent to anterior open bites. 
However, such an osteotomy has a 
direct effect on the volume of oral and
nasal cavity and an indirect influence on 
tongue position and mode of breathing.
M any studies on o ro fac ia l muscle 
activity and its effect on the dentition 
have been published. Pressure measure­
ments, electromyography, cinefluororadi- 
ology, cinematography, and electromyo­
graphy have been used in studies cover­
ing a w ide  range of malocclusions. 
Direct clin ical observations of tongue 
position seem to be valid and reliable 
for diagnostic purposes.12,13 The overbite 
and overjet are mostly used to record 
interincisal relationship. These variables, 
however, do not allow a useful record­
ing of the amount of space between 
opposing incisors available for tongue 
interpositioning: the anterior open bite.
A more forward and superior position 
of the tongue tip relative to the mandibu­
lar central incisors at rest is seen in ante­
rior open bites. The tongue is usually not 
in full contact with the hard palate, but 
is positioned against or between the 
incisors during swallowing. Tongue inter­
positioning in the posterior region at rest 
without palpable contraction in the mas­
ticatory muscles during swallowing is 
indicative of lateral open bite.
Few data on tongue position and lip 
posture after o rthodontic  or surgical 
treatment are available in the literature. 
Measurements of tongue pressure in
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Table 8 Correlation coefficients between different 
aspects of orofacial functions
Interlabial distance-mouth breathing .22
Interlabial dislance-mentalis muscle activity .39
Anterior tongue interpositioning-muscle activity
masseter/temporalis) -.54
Posterior tongue interpositioning-muscle activity
(masseter/temporalis) -.64
*P< .01.
*
*
orthodontically treated patients revealed 
tha t the mean tongue pressure in 
patients in whom an anterior open bite 
has relapsed is twice that of patients in 
whom no relapse is seen. In contrast, 
the lip pressure in the anterior open bite 
group was reported to be 65% of that in 
the normal group.14
The effect of a Le Fort I intrusion 
osteotomy on tongue behav ior was 
investigated in a prospective investiga­
tion on 1 8 patients, performed from 
1984 to 1985.15 Tongue behavior and 
swallowing patterns were observed dur­
ing speech and evaluated by the use of 
a fluorescein-sodium fluid, A normal 
swallowing pattern was found in only 
11.1% of those patients preoperatively 
and 17% of the patients 1 year after 
surgery. In the present retrospective 
study, in which those 18 patients were 
in c lu d e d , a normal pos it ion  of the 
tongue, with reference to the mandibular 
inc iso rs  du r ing  s w a l lo w in g ,  was 
assessed in 15% of patients.
The mutual interaction between form 
of the dental arch and lip-tongue-cheek 
function has been discussed by many 
authors.12,16 It is obvious that the posi­
tions of the incisors and the tongue are 
correlated and act reciprocally on one 
another. The movements of the tongue 
are reported to adapt or vary in func­
tion according to the situation in the 
anterior segment.17 The tongue position 
and movements also adapt to reductions 
of the maxillomandibular space caused 
by osteotomy procedures,18-20 which is in 
agreement with reported significant cor­
relations between tongue volume and 
the size of the oral cavity.21 The adap­
tive capacity, however, is quite limited. 
Lack of anterior contact and solid inter- 
digitation allow tongue interpositioning. 
On the other hand, tongue interposition­
ing interferes with eruption or orthodon­
tically assisted extrusion of teeth (Figs
3a to 3h),
Previous studies reported an objective­
ly and subjectively measured decrease 
in nasal airway resistance after superior 
repositioning of the maxilla, with or with­
out involvement of the nasal floor. This 
decrease, found in 56% to 82% of the 
patients, was caused by a widening of 
the nares and opening of the luminal 
valve,22“25 A reduction in nasal resistance 
does not necessarily change the mode of 
breathing. Spalding et al26 reported a 
decrease in nasal resistance but no 
change in percentage of nasal respira­
tion in patients 1 year following a Le 
Fort I osteotomy. No significant correla­
tion was found between the amount or 
direction of maxillary movement and 
nasal respiration. In a comparable study,
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Figs 3g and 3h Tongue interpo­
sition exceeding the incisors and 
premolars is apparen t du r ing  
sw a llow ing  and s p e a k in g .  
Tongue interposition between the 
incisors is present at rest and in 
occlusion. The masticatory mus­
cles show no palpable contrac­
tions during swallowing.
Walker et al25 found, in a sample of 20 
patients, a mean increase in nasal respi­
ration from 60% preoperatively to 90% 
postoperatively. The latter findings were 
supported by the present data, in which 
there was a change from predominantly 
oral breathing preoperatively to mixed
oral and nasal or predominantly nasal 
breathing postoperatively in 31% of the 
patients. The recorded change in mode 
of b rea th ing  migh t  be due to the 
increase in lip competency.
In agreement with other reports, no 
s ign i f i can t  cor re la t ions  were found
Fig 4a A 17-year-oid girl under- 
went preoperative orthodontic 
treatment for 18 months.
Figs 4b and 4c Anterior tongue 
interposition at rest and during 
function and lip incompetence 
(7.0 mm interlabia! distance) are 
present.
Figs 4d and 4e An oral seal 
can only be achieved by contrac­
tion of the mentalis muscle.
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be tw een  the pos tu ra l  a c t iv i t y  of the 
upper lip and incisor pos i t ion .27,28 Lips 
are a b le  to a d a p t  to changes in the 
facial morphology.29“3" The lower lip and 
the tongue have mi ore effect on the posi­
tion of incisors than does the upper lip. 
The upper lip lacks the muscle activity of
the lower lip, which is anatomically con­
t inuous with the mentalis muscle. Lip 
muscles alone cannot maintain lip c lo ­
sure.35 A c ircumoral seal can on ly  be 
achieved when the lower lip is raised by 
contraction of the mentalis muscle (Figs
4a to 4h).36,37
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Indeed, the o ro fa c ia l  muscles are 
undoubtedly a contributing factor to, but 
not the sole cause of, relapse after surgi­
cal correction of anterior skeletal open 
bite.38 The position and fixation of the 
maxillary and possibly the mandibular 
fragments are equa l ly  important. To 
achieve good c l in ica l results skeletal 
fragments should be adequately reposi­
tioned, and the occlusion should be as 
optimal as possible.
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